T e ach ing h os pi t al s d if f er from community hospitals in many ways. The mix of patient care services provided by major teaching hospitals is often distinctive. 1 Patients with the most common conditions tend to be underrepresented among major teaching hospitals, while those with less common, complex conditions tend to concentrate in these institutions. 2 In many communities the provision of specialized services to patients with complex conditions is the unique purview of major teaching hospitals, and some of these institutions have adopted strategic plans that place the highest priority upon these services. age costs and may exhibit higher complication and mortality rates. Unless these specialized services are recognized and accounted for with appropriate adjustments for case-mix and severity, some hospitals may appear less efficient and lower in quality than their nonteaching competitors. Trends in the mix of specialized services also may have implications for the selection of sites for clinical research programs and for the education of physicians, nurses, and other health professionals.
In this study we examine data from the Nationwide Inpatient Sample (NIS) to identify trends in specialized surgical services provided by major teaching hospitals. We focus on the proportion of total hospitalizations accounted for by specialized surgical services and on the characteristics of patients receiving these services.
Study Methods
For this study we used NIS data for the years 1989, 1992, and 1995. This database, part of the Healthcare Cost and Utilization Project (HCUP) of the Agency for Health Care Policy and Research (AHCPR), contains all discharges from a stratified probability sample of U.S. hospitals. In 1989 and 1992 samples included data from eleven states; in 1995 seventeen states were included. Weights permit calculations of national estimates. This study uses the 10 percent subsamples of discharges for the years 1989, 1992, and 1995. Our study population included only the discharges with a surgical primary procedure code designated from general, acute care, nonfederal hospitals (313,541 in 1989; 331,302 in 1992; and 368,084 in 1995).
Information from the Council of Teaching Hospitals and Health Systems (COTH) of the Association of American Medical Colleges and from the American Hospital Association (AHA) was used to classify hospitals in the NIS database into one of three categories. Major teaching hospitals were defined as members of COTH, whose members train about three-quarters of the residents in the United States. 4 Other teaching hospitals were defined as non-COTH members having a residency program approved by the American Council on Graduate Medical Education. Nonteaching hospitals included all other general, acute care, nonfederal hospitals. We excluded hospitalizations in children's and specialty hospitals. In total, approximately 800 hospitals were included in each of the years studied.
Major teaching hospitals provide about a quarter of all inpatient surgeries performed in the United States. To begin to examine serv-
"Trends in the mix of specialized services may have implications for the selection of sites for clinical research programs."
ices that are concentrated in major teaching hospitals, we calculated the proportion of each service that is provided in major teaching hospitals. Because different types of hospitals may apply different diagnostic labels to similar patients, we chose to focus on procedures rather than diagnoses. Three-digit procedure codes fail to differentiate many specialized services, so we selected four-digit International Classification of Diseases, Ninth Revision (ICD-9), procedure codes as our unit of analysis. Moreover, because coding of minor procedures varies greatly among hospitals, we excluded minimally invasive procedures and miscellaneous diagnostic and therapeutic procedures. We calculated the proportion of surgical procedures performed at major teaching hospitals by calculating the total weighted number of a procedure performed at these hospitals divided by the total weighted number of that procedure performed by all hospitals in the sample. Because ICD-9 codes change over time, a separate statistic was calculated for each year of study.
For each surgical procedure, we considered the percentage performed in teaching hospitals. The resulting distribution of surgical procedures by the percentage performed by teaching hospitals is depicted in Exhibit 1. Based on this distribution, we defined highly specialized surgeries as those procedures for which major teaching hospitals provided 90 percent or more of all such procedures performed in the United States; specialized surgeries as those for which major teaching hospitals provided more than half but less than 90 percent; and less specialized surgeries as those for which major teaching hospitals provided less than half. We counted the number of different procedures that fell into each of these three categories. We then looked at the volume of procedures represented by each category and mean number performed per procedure for each of the years studied. Severity was explored using diagnosis-related group (DRG) case weights, which were assigned to each hospitalization. Mean length-of-stay and mean total charges also were assessed for each category. We also calculated the percentage of inpatient deaths per category. Descriptive analyses were conducted to explore whether age, sex, race, payer, and income of specific patient populations were associated with the distributions of categories of procedures in different hospitals.
All results are presented as national population estimate calculated using sampling weights provided by the AHCPR. In addition, because of the complex survey design of the NIS, Survey Data Analysis Software (SUDAAN 7.5) was used for significance testing. 5 This statistical package adjusts for survey nonresponse and design effects to calculate appropriate variance estimates.
Study Results
In 1995, 185 different kinds of surgeries met our definition of highly specialized surgeries (Exhibit 2). These highly specialized surgeries were relatively rare when compared with other types of surgeries. In total, about 23,000 highly specialized surgeries were performed in the United States in 1995. On average, only 123 cases of each type of highly specialized procedure were performed in 1995. By comparison, 341 procedures met our definition for specialized surgeries. The bulk of surgeries (1,383 procedures) were considered less specialized surgeries. Compared with less specialized surgeries, highly specialized and specialized surgeries were more costly and hazardous. They were associated with higher mean DRG case weights, mean length-of-stay, mean total charges, and inpatient mortality rates compared with less specialized surgeries. n Patients. Patients who received highly specialized and specialized surgeries differed from those who received less specialized surgeries (Exhibit 3). Recipients of highly specialized and specialized surgeries were younger than were recipients of less specialized surgeries. They were also more likely to be male and nonwhite. Consistent with their age distribution, they were less likely to be Medicare beneficiaries and more likely to be covered by other forms of insurance or to be uninsured. They also were more likely to reside in the poorest or wealthiest neighborhoods.
n Proportion of total hospitalizations. By definition, highly specialized and specialized surgeries are concentrated in major teaching hospitals. However, even in major teaching hospitals these surgeries account for only a small proportion of procedures performed in 1995 (Exhibit 4). Because these surgeries tend to be associated with longer lengths-of-stay and higher total charges, they account for slightly larger shares of hospital days and charges. However, it is important to note that less specialized surgeries make up 89 percent of the days for surgical admissions and 85.3 percent of the charges in major teaching hospitals. n Trends. From 1989 to 1995 the volumes of highly specialized and specialized surgeries increased dramatically, with major teaching hospitals absorbing the vast majority of these increases. Highly specialized procedures in major teaching hospitals rose from nearly 14,000 in 1989 to 22,470 in 1995, while the number remained essentially flat in other teaching and nonteaching hospitals. Specialized procedures in major teaching hospitals rose from 78,360 in 1989 to just over 233,000 in 1995; in other teaching hospitals, from 25,130 in 1989 to 59,650 in 1995; and in nonteaching hospitals, from nearly 23,000 in 1989 to 92,340 in 1995. As a consequence, the mix of services provided by major teaching hospitals also was affected. From 1989 to 1995 highly specialized and specialized surgeries grew from 3.9 percent to 8.1 percent of total surgeries performed in major teaching hospitals.
Discussion And Policy Implications
Major teaching hospitals are the nearly exclusive providers of a group of highly specialized surgical procedures and the dominant providers of specialized procedures. Although the numbers of these procedures performed in all hospitals increased dramatically from 1989 to 1995, the vast majority of these increases occurred at major teaching hospitals. Nonetheless, these procedures accounted for only a modest proportion of hospital days and charges in these institutions. One of the more significant findings of our study is that recipients of these surgical procedures tend to be younger and male and are more likely to be of a minority race and to reside in either the poorest or most affluent neighborhoods. The explanation for this distribution is inherent in the very procedures that tend to be concentrated in major teaching hospitals. We observed that such surgical procedures often fall into one of three categories: (1) new and emerging technologies, (2) highly complex and rare surgical procedures, and (3) surgical procedures related to the major trauma and burn centers often operated by major teaching hospitals. Victims of trauma are most often young, male, minority residents of poor neighborhoods. Younger patients may be considered better candidates for experimental therapies. Younger and more affluent patients may have greater access to highly complex and rare procedures and may be more able and willing to travel to a distant hospital with a reputation for these procedures.
n Limitations. Limitations of this study should be noted. First, major teaching hospitals were identified through their COTH membership. This definition did not include hospitals with large teaching programs that are not COTH members. However, we estimate that there are only a few such institutions. For example, in 1997, of the 229 general hospitals with resident-to-bed ratios greater then 0.3, 189 were current or recent COTH members. Second, fully understanding the differences between the hospital populations we examined requires an understanding of differences in health status and severity of illness. We used DRG case weights established by the Health Care Financing Administration (HCFA) to address this issue; however, inherent ambiguities are associated with this method, and it is difficult to fully control for severity in national administrative data such as the NIS. Third, our empirical method assumes consistent coding of ICD-9 procedures across hospitals, an assumption that may not be fully warranted.
n Policy implications. Hospitals. These findings may be of interest to hospital administrators, health care purchasers, policymakers, medical educators, and clinical researchers. Administrators of major teaching hospitals may gain better insight into the reasons why they have higher costs and may be unable to demonstrate superior outcomes despite claims of better quality. They may be better equipped to explain to purchasers that at least some of the higher costs of major teaching hospitals can be attributed to the concentration of specialized surgical procedures in their institutions rather than to inefficiency. In fact, major teaching hospitals may be able to provide some specialized surgical procedures more efficiently than other institutions can. By accepting large numbers of particular special-
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TEACHING HOSPITALS ized surgical procedures, major teaching hospitals may be able to attain the superior outcomes and lower costs often achieved by high-volume providers of specific procedures. 6 In this way, major teaching hospitals may help to hold down community costs for specialized surgeries as they make themselves appear less efficient by accepting many high-cost cases.
Furthermore, hospital administrators may be motivated to seek payment methodologies that adjust for the more costly case-mix found in major teaching hospitals. Moreover, if increases in specialized surgical procedures continue to be concentrated in major teaching hospitals, one should expect their costs to continue to increase and the differential in costs between major teaching hospitals and other hospitals to grow wider. Such information may help hospital leaders to explain the need for increases in payments proportionate to these increases in costs to private and governmental payers.
On the other hand, hospitals also may see in these findings the need to compete with community hospitals for less specialized surgical procedures that constitute the majority of surgical procedures in all types of hospitals. Strategic plans that focus on the specialized surgical procedures and ignore the less specialized procedures are not likely to fill the beds of major teaching hospitals.
Purchasers and policymakers. Purchasers may gain a greater understanding of the costs and outcomes of care in major teaching hospitals. In planning, they also may see the wisdom of including major teaching hospitals as the dominant or exclusive providers of a number of different types of surgical procedures. Similarly, policymakers should consider the financial outlook of major teaching hospitals when directing governmental policies. Medicare and Medicaid payment reductions, in combination with an increasingly competitive medical marketplace, may imperil the viability of major teaching hospitals. Some of these institutions may have to become more selective in the provision of the specialized surgical procedures that contribute to their higher costs. As a result, patients may have more restricted access to these services locally and need to travel greater distances to obtain them.
Medical educators and researchers. The types of services that concentrate in major teaching hospitals remain of interest and importance to medical educators and researchers. For example, programs designed to train subspecialists may benefit from being based in an "Strategic plans that focus on specialized surgical procedures and ignore less specialized procedures are not likely to fill beds." DATAWATCH 237 institution where many highly specialized surgical procedures are performed. In contrast, programs preparing students and residents for careers in primary care will find it optimal to balance rotations in major teaching hospitals with rotations in community settings where the focus is on common conditions and services. Similarly, clinical researchers working on new technologies may benefit from access to hospitals where specialized services are offered, whereas researchers studying more common conditions and treatments may find results derived from major teaching hospitals difficult to generalize and translate to community settings.
A w ar e nes s of how h os pi t a ls di ff er in terms of the procedures they perform helps us to better understand their unique roles in the health care marketplace. As reimbursement schemes are debated and hospitals plan for the future of their various missions, roles and service mixes must be considered. We view our study as a descriptive tool, which along with existing anecdotal and empirical information captures an important segment of the health care landscape today to better inform the decisionmakers of tomorrow. 
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